INTRODUCTION
Both abiotic and biotic factors act concurrently over spatial and temporal scales to govern the distribution and abundance of species (Resh, 1988; Moyle and Light, 1996; Grossman et al., 1998; Magoulick, 2000; Jackson et al., 2001; Comita et al., 2009) . For example biotic interactions such as algivory, competition, and predation can determine community structure and species persistence in streams (Jackson and Buss, 1975; Power and Matthews, 1983; Power et al., 1985; Power, 1992; Layman and Winemiller, 2004) . Among potential abiotic influences on stream fish communities, stream flow is thought to be a master variable (e.g., Poff et al., 1997; Marchetti and Moyle, 2001; Lobó n-Cerviá and Rincó n, 2004; Propst and Gido, 2004) , but habitat structure (e.g., pool depth, large woody debris), which can be linked to flow, is also a strong determinant of community structure (e.g., Angermeier and Karr, 1984; Schlosser, 1987; Bond and Lake, 2003) . The relative importance of biotic and abiotic factors likely varies across regions with different levels of intermittency, frequency, and predictability of discharge (Poff and Ward, 1989) .
Prairie streams are characterized as having high flow variability and unpredictable disturbance events (Dodds et al., 2004) , thus abiotic factors might be important in regulating fish abundances in these systems (Schlosser, 1985) . Indeed, variable flows influence substrate composition, instream cover, and habitat size, which can influence fish community structure in Great Plains streams (Fischer and Paukert, 2008; Falke et al., 2010) . For example variability in depth and flow parameters influence abundance, distribution, and persistence of Arkansas darter (Etheostoma cragini) in Colorado prairie streams (Labbe and Fausch, 2000) . Similarly, Gelwick et al. (1997) found that variation in water depth affected habitat use in Oklahoma prairie streams. However, Statzner (1987) suggested biotic factors might govern prairie stream community structure in pools but not riffles because hydrologic variability is greater in riffles. These studies illustrate that the relative importance of biotic and abiotic factors in structuring fish communities, even within prairie streams, can vary with community composition and the environmental template.
In prairie streams, the disturbance regime as well as habitat structure varies with stream size (Schlosser, 1987) . Drying is typically more intense in shallow headwaters, but flooding is more intense and habitats are deeper downstream because of increasing catchment area (Leopold and Miller, 1956) . This spatial variation in disturbances might decouple fish habitat associations via effect of flooding or drying on habitat availability and species persistence. Moreover, differences in habitat (e.g., depth) might favor species with different life history traits; small bodied species with rapid turnover occupy headwaters and larger species with slower turnover are more likely to occur downstream (Schlosser, 1987) . Because extirpations in headwaters are common, the influence of regional species pool on local communities is dependent on system connectivity (Labbe and Fausch, 2000; Fausch et al., 2002; Hitt and Angermeier, 2008) .
North American tallgrass prairie is one of the most endangered ecosystems in the United States, with prairie losses estimated around 95% (Samson and Knopf, 1994) . Prairie streams are equally endangered because of fragmentation (Perkin and Gido, 2011) , channelization and alterations on channel morphology (Cross and Moss, 1987) , and agricultural runoff (Dodds et al., 2004) . Further, numerous Great Plains fishes have been declining for decades because of changing landuse and stream flow patterns (Cross and Moss, 1987; Taylor, 2010; Gido et al., 2010) . The objective of this study was to identify local habitat factors associated with the diversity and density of fishes in two protected prairie watersheds. Specifically, we evaluated the relative importance of habitat factors associated with fish communities along a stream size gradient and across multiple seasons and years. Our temporal extent of sampling allowed us to identify the consistency of habitat associations across a variety of biotic and abiotic conditions both spatially and temporally and helped identify the relative importance of local habitat in structuring fish communities within stream networks. Matthews (1988) stated the need for a ''frame of reference'' for considering how these systems now differ from their pristine state. Many studies focus on systems that are currently under the influence of anthropogenic alteration. Our study focuses on two large portions of protected tallgrass prairie, and results might be used as a baseline for conservation and comparison for small bodied prairie stream fishes.
METHODS STUDY AREA
Fishes were sampled at three locations on Kings Creek (17.5 km 2 watershed area above lowermost site), on the Konza Prairie Biological Station (KPBS), and from four locations on Fox Creek (88.4 km 2 watershed area above lowermost site) on the Tallgrass Prairie National Preserve (TPNP; Fig. 1 ). Kings Creek is a tributary in the Kansas River Basin and Fox Creek is located in the Cottonwood/Neosho River Basin. Our lowermost site on Kings Creek was roughly 5.9 rkm from the Kansas River (a 7 th order river) and on Fox Creek was roughly 5.2 rkm from the Cottonwood River (a 5 th order river). Both areas are owned by The Nature Conservancy and are managed by Kansas State University (KPBS) and the National Park Service (TPNP) with a combination of fire and grazing to maintain native tallgrass prairie.
Bison are the primary grazers on portions of Kings Creek, whereas Fox Creek watersheds have both bison and cattle. In each watershed, one sample site was established on the mainstem stream and 2-3 sites were located in headwater tributaries (Fig. 1) . Although riffles were sampled at mainstem sites when flowing, only pools were consistently sampled among sites (1-3 per site) and thus were the focus of our analysis. Moreover, because riffles were intermittent, species diversity was typically much lower and a subset of the species captured in pools. Fishes were identified to species, measured (total length, mm) and released into the pool from which they were collected. Pool area was measured and abundance was expressed as density (number of individuals per m 2 ). To account for differences in species size structure, the most abundant species (.10% of total individuals captured) were subdivided by size class (juvenile or adult). Size classes were based on published literature accounts of size at maturity and notable breaks in size structure were verified by length frequency histograms from our monitoring (Table 1) . Total density without size class separation was used for rare species (,10% of total individuals captured) to avoid excessive zero values in our data analyses.
HABITAT VARIABLE MEASUREMENTS
In each pool, discharge, substrate, depth, velocity, width, and percent canopy cover were measured along 3 transects. Total length of each pool was measured and multiplied by mean pool width to calculate pool area. Depth (m), current velocity (m/s taken at 60% depth, using a Marsh-McBirney Model 2000 flowmeter) and substrate size class (based on modified Wentworth scale; Cummins, 1962) were quantified at five points along each transect. Substrate size classes were numerically scored [1 (clay/bedrock), 2 (silt), 3 (sand), 4 (gravel), 5 (pebble), 6 (cobble) and 7 (boulder)] to give an average size for each habitat sampled. Discharge (m 3 /s 2 ) was calculated by multiplying mean depth (m) and width (m) to get area, and then multiplying area by the average current velocity (m/s) for each habitat. Percent canopy cover for each pool was estimated by averaging the densiometer readings at the center of each of the three transects per pool. In stream cover throughout the pool was characterized as log complex, aquatic vegetation, undercut bank, log, brush pile, bank grass, or root wads. Area of cover was measured and divided by total pool area to give the percent of the pool containing cover.
DATA ANALYSIS
Regression analyses and ordination were used to evaluate the relative importance of habitat variables in structuring fish assemblages across multiple temporal scales in each watershed. Separate analyses were conducted for the two watersheds because they occurred in different drainages and had notably different species composition and abundance patterns. Habitat variables were tested for normality using normal probability plots (NPPs) and log transformed when necessary. To characterize associations among habitat variables and identify major gradients across watersheds we used principal components analysis (PCA). Principal components analysis was chosen after an analysis of bivariate relationships Multiple linear regressions for each watershed were used to evaluate which of the retained habitat variables from the above analysis were the best predictors of species richness. We tested the association between retained habitat variables and fish assemblage structure in each watershed using redundancy analysis (RDA). Permutational ANOVAs (Borcard et al., 2011) evaluated the significance of habitat variables used in the RDAs, and partial RDAs were used to evaluate the relative contribution of habitat variables while factoring out the effects of site, season, and year. Partial RDAs allowed us to evaluate the pure effects of pool habitat characteristics while controlling for spatial and temporal effects on community structure. Analyses were run in program R 2.9.2 using libraries vegan (Oksanen et al., 2009) and car (Fox, 2009) .
RESULTS

HABITAT ASSOCIATIONS
Habitat gradients and associations among variables summarized by PCA suggested major gradients associated with stream size (e.g., depth, area, discharge and velocity), instream cover, and seasonal changes in canopy cover. Stream width was removed from this analysis because it had a VIF .10 and was closely related to area. The two watersheds had similar habitat gradients; smaller streams generally had a greater proportion of instream cover and more canopy cover (Fig. 2) . Canopy cover also changed seasonally with the greatest cover in May and August before leaf fall. Pools were deeper in mainstem sites (mean 5 0.26 m, 0.83 m) than tributaries (mean 5 0.11 m, 0.48 m) in both Kings and Fox creeks, respectively, but there was a high degree of overlap.
FISH COMMUNITY STRUCTURE
Species richness was generally higher at sites in Fox Creek [mean 5 11, standard deviation (SD) 5 3.9] than in Kings Creek (mean 5 7, SD 5 2.2). In Fox Creek, Lepomis cyanellus (green sunfish), Campostoma anomalum (central stoneroller), Luxilus cardinalis (cardinal shiner), Lythrurus umbratilis (redfin shiner), Pimephales notatus (bluntnose minnow), Semotilus atromaculatus (creek chub), and Etheostoma spectabile (orangethroat darter) all had .10% of the total number of individuals captured. The most abundant species in Kings Creek were C. anomalum, Phoxinus erythrogaster (southern redbelly dace), S. atromaculatus, and E. spectabile. Mainstem sites had higher richness than tributaries within watersheds. In Kings Creek, a mean of 8.0 (range 5 4 to 13) species occurred in the mainstem, whereas mean richness in tributaries was 4 (range 5 3 to 4). Mainstem Fox Creek has a mean species richness of 15.0 (range 5 8 to 19) compared to 9.2 (range 5 7 to 13) species in tributaries.
FISH COMMUNITY STRUCTURE HABITAT ASSOCIATIONS
Multiple regression suggested that species richness was positively associated with area (partial r 5 0.70) and discharge (partial r 5 0.50) in Fox Creek (df 5 15, Adj. R 2 5 0.60, P , 0.001; Fig. 3 ). In Kings Creek species richness was only associated with area (df 5 17, R 2 5 0.44, P , 0.001; Fig. 3 ).
Redundancy analysis followed by permutational ANOVA indicated that depth, area, percent canopy cover and substrate size were associated with fish community structure in both watersheds (Fig. 4) . Partitioning variation among predictor variable categories (habitat, season, and year) with partial RDAs found that habitat variables explained 14% (Kings Creek) and 13% (Fox Creek) of the variance in fish community structure (Table 2) . Spatial variability (i.e., Site) explained slightly less (,12%) variation than habitat in both watersheds. Although temporal variation in fish community structure was significant in Kings Creek [both year (9%) and season (6%) were significant], these variables were not significant in the Fox Creek model.
INDIVIDUAL FISH SPECIES HABITAT ASSOCIATIONS
Prairie stream fishes exhibited ontogenetic shifts in habitat associations, where adults and juveniles of the same species responded differently to the same habitat variables (Fig. 4) . Ontogenetic habitat shifts were more explicit in Kings Creek, where juveniles generally were associated with shallower habitats, as indicated by negative axis 1 and 2 scores in contrast to positive axis 1 or 2 scores for adults. Specifically, juvenile C. anomalum, L. cardinalis and E. spectabile were more abundant in shallow pools in Fox Creek and juvenile P. erythrogaster, C. anomalum and E. spectabile were more abundant in shallow pools in Kings Creek. In both watersheds, juveniles also were positively associated with increasing cover (proportional instream cover in Kings Creek, instream and canopy cover in Fox Creek). Adult fishes (and juvenile S. atromaculatus) were positively associated with depth and area in Kings Creek. In Fox Creek, adults were either positively associated with depth and area, or negatively associated with velocity (i.e., more abundant in slower pools). 
DISCUSSION
The objective of this study was to identify local habitat factors associated with fishes in two protected prairie watersheds, with a broader goal of laying a foundation for a ''frame of reference'' that might be used in considering how altered Great Plains systems now differ from their pristine state (see Matthews, 1988) . We found that pool depth and surface area had the strongest relationship with assemblage composition and these variables likely reflect FIG. 4 .-Redundancy analyses (RDAs) illustrating species-habitat associations of common species in two watersheds. Analyses included rare species, but were removed from the figure to alleviate crowding, and those species illustrated no associations. Axes 1 and 2 are significant (P , 0.05) for Kings and Fox creek RDAs. Upper (Fox Creek) and lower (Kings Creek) panels represent the habitat vectors and species loadings. Species codes are the first three letters of the genus and species, a 'J' or 'A' refers to the juvenile or adult size class (e.g., juvenile C. anomalum 5 Jcamano) a gradient of stream size and permanence that is highly correlated with temperature and dissolved oxygen. Falke et al. (2010) found that local scale spawning habitat influenced both occupancy and relative abundance probabilities of plains fish larvae. Specifically, Hybognathus hankinsoni (brassy minnow) required large, deep, backwater habitats for successful spawning. They proposed that while many stream fish species appear to be habitat generalists, during spawning some taxa switch to habitat specialization. A diversity of habitats is likely important to plains stream fishes emphasizing the need to conserve all habitat types in prairie systems. We found juveniles use shallower waters likely as a refuge from piscivorous fishes (Gorman, 1988; Schlosser, 1988, Labbe and Fausch, 2000) . Accordingly, positive associations of adult fishes and pool area and depth are explained partly because larger individuals are less effectively consumed by piscivorous fishes (S. atromaculatus and L. cyanellus). Deeper pools are also more likely to remain wet during dry periods and provide more food resources and refuge from terrestrial predators (Power, 1987; Lonzarich and Quinn, 1995) . Semotilus atromaculatus is one of the largest of the common species in our samples, and terrestrial predator avoidance might explain why this species seems to prefer deep habitats. This result is concurrent with Grossman and Freeman (1987) who found that S. atromaculatus were significantly over represented in deep areas and Edwards (1997) who showed that S. atromaculatus avoids strong flows. The species depth relationships from this study provides empirical support for the conceptual model by Power (1987) that illustrated size specific shifts in depth preference, where small bodied fish use shallow waters to avoid aquatic predators and large bodied individuals used deeper areas to avoid terrestrial predators. Fishes also showed associations with measures of pool cover. Etheostoma spectabile was positively associated with percent instream cover and percent canopy cover, which is consistent with studies that report associations with vegetation, brush, and rocks that provide protection (Kuehne and Barbour, 1983; Page, 1983) . Similarly, our results indicated most juveniles were positively associated with percent instream cover or percent canopy cover (e.g., E. spectabile, P. erythrogaster, C. anomalum, L. cardinalis). This might further illustrate predator avoidance by these small individuals as mortality via predation can be 50% greater in habitats with less complex structures (Lonzarich and Quinn, 1995) .
Seasonal changes explained little variation in assemblage structure suggesting pool assemblages were relatively stable over time. This finding is in contrast to the view that prairie streams are regulated by stochastic (not deterministic) forces but is consistent with the findings of Ross et al. (1985) that found a harsh drought summer had no lasting effect on stability of a prairie stream fish community. They concluded that fish communities in harsh prairie streams may be relatively stable and persistent, despite major changes in environmental quality, and suggest that resistance and adjustment stability are the main reasons driving community persistence. Schlosser (1987) had similar conclusions and suggested harsh headwaters to be dominated by small bodied, short lived ''colonizing'' species. Likewise, the majority of species present in these prairie streams are adapted to highly variable systems and can be classified as opportunistic life history strategists characterized by young age at maturation, low fecundity, and low juvenile survival (Winemiller and Rose, 1992) . Although temporal variation in habitat availability should drive seasonal changes in assemblage structure (e.g., Grossman and Freeman, 1987) , pool habitats in prairie streams can be stable if they are spring fed as was the case in our systems. Evidently, a combination of environmental filters and species adaptation is driving the assemblage composition in small prairie streams. Thus, maintenance of these permanent pools and habitat structure within them may be critical refugia for the persistence of species.
Other factors (i.e., functional groupings, biotic interactions) that were not the focus of this study might explain distributions or lack of habitat association for various fish species. Some common stream fishes in prairies, like L. cyanellus, can be classified as generalist species and might not be influenced by spatial or temporal variation in habitat availability. Further, habitat associations of rare and potentially transient species (,10% total number of individuals captured) are difficult to detect because of small sample sizes. However, species that were rare based on abundance measurements were typically consistently sampled at our sites. Also, biotic interactions might be more influential than habitat in some circumstances where one species provides critical habitat for another species (Gorman, 1988) . For example, L. umbratilis is a nest associate with L. cyanellus (Hunter and Wisby, 1961) which might make L. cyanellus presence more important that other habitat factors for L. umbratilis distribution. Similarly, S. atromaculatus are typically nest associates with C. anomalum (Becker, 1983) .
Our data were collected from two streams in the Flint Hills, the only region with remaining tallgrass prairie watersheds, and might inform management and conservation of biodiversity of these systems. For example, ontogenetic shifts in habitat use by prairie stream fishes suggest the maintenance of connectivity among heterogeneous pools might be important for species persistence. This is especially true in Kings Creek where shallow pools (i.e., juvenile refugia) tend to occur in upstream headwaters. In contrast, Fox Creek sites had both deep and shallow areas within a pool or site. Further, natural spring flows that maintain stable pool volumes and habitat complexity in the form of cover are local habitat features that may be critical for the persistence of prairie stream fishes. Unfortunately, many of these spring fed streams are dammed, which has created refuges for lentic adapted species (e.g., L. cyanellus) and altered natural flow regimes (Kerns and Bonneau 2002) . Indeed, the Fox Creek watershed has a number of small impoundments and species such as L. cyanellus are more dominant in this system than in Kings Creek which does not have any impoundments.
In conclusion whereas the dominant landcover of North America was historically prairie these ecosystems are one of the most endangered in the region (Samson and Knopf, 1994) . Maintenance of critical habitat features within this fragmented landscape is likely necessary to ensure the persistence of biodiversity in this highly endangered ecosystem.
